ABSTRACT In this report we describe a new technique for the measurement of region at risk after coronary artery ligation in the rabbit by NADH fluorophotography. We also describe the application of this technique to a study of nifedipine combined with reperfusion in experimental myocardial infarction. In 16 untreated rabbits the epicardial surface area of NADH fluorescence immed-iately after coronary ligation correlated with infarct size at 24 hr after coronary occlusion, as measured by nitro blue tetrazolium staining (r = .84, p < .001). In 24 rabbits we studied the effect of nifedipine administered immediately after coronary ligation and combined with reperfusion at 1 hr after occlusion. Nifedipine had no significant effect on region at risk or infarct size. Circulation 70, No. 3, 506-512, 1984. MORTALITY secondary to myocardial infarction is now largely the result of "pump failure," which is directly related to infarct size.'. Infarct size can be reduced by early reperfusion (i.e., that less than 3 to 4 hr after occlusion in the dog or man, or at 30 min or before in the rabbit), which primarily salvages the subepicardial region.3-1 The amount of salvage is directly related to the speed with which reperfusion can be achieved. Theoretically, the salvage achieved by reperfusion could be increased if the rate of necrosis was decreased during the time period before the onset of reperfusion. Nifedipine could potentially produce such a protective effect by altering hemodynamics to reduce myocardial oxygen demand, by increasing oxygen supply via increased collateral circulation or 
MORTALITY secondary to myocardial infarction is now largely the result of "pump failure," which is directly related to infarct size.'. Infarct size can be reduced by early reperfusion (i.e., that less than 3 to 4 hr after occlusion in the dog or man, or at 30 min or before in the rabbit), which primarily salvages the subepicardial region.3-1 The amount of salvage is directly related to the speed with which reperfusion can be achieved. Theoretically, the salvage achieved by reperfusion could be increased if the rate of necrosis was decreased during the time period before the onset of reperfusion. Nifedipine could potentially produce such a protective effect by altering hemodynamics to reduce myocardial oxygen demand, by increasing oxygen supply via increased collateral circulation or relief of coronary vasospasm, or by reducing calcium influx during ischemia and reperfusion. 6 We therefore investigated the effect of nifedipine combined with reperfusion on infarct size in the rabbit.
Methods
The overall protocol consisted of (1) definition of region at risk by use of epicardial NADH fluorophotography during a transient coronary occlusion and release, (2) prospective randomization of the animal to a nifedipine or control group, (3) a 60 min coronary occlusion with treatment commencing at 5 min after occlusion, (4) reperfusion for 90 min. and (5) determination of infarct size.
Validation of NADH fluorophotographic technique for determination of region at risk Surgical preparation. Thirty-three I to 2 kg albino New
Zealand rabbits were each anesthetized with thiopental (50 mg/ kg) and placed on mechanical ventilation. The thorax of each was opened in the fourth or fifth intercostal space, the heart was suspended in a pericardial cradle, and the major marginal branch of the left circumflex artery was identified. In Two NADH fluorescent photographs were taken of each rabbit while in both the right and left lateral decubitus positions to allow both the posterior and anterior borders of the fluorescent area, respectively, to be photographed. After the first photograph of the uncovered epicardium, a calibrated acetate grid, premoistened with saline, was gently placed on the surface of the heart over the ischemic region and a second photograph was taken that was used to quantify the area of fluorescence (see below). After the photographs were taken the thoracotomy was closed and the animals were returned to their cages for 24 hr.
Measuremenit o/JNADH/fliiorescent urea1. An area of epicardial NADH fluorescence was detected in 30 of 31 hearts within 2 to 5 min after coronary artery ligation and was measured by counting grid boxes overlying the fluorescent area. The thin sheet of moistened acetate clung to the surface of the heart. The use of this grid compensated for differences in magnification from photograph to photograph and also compensated for the curvature of the heart. Two independent observers made tracings of the fluorescent areas fromieach heart without knowledge 12 Since the delivery of the antibiotic was dependent on an intact vascular supply to the infarcted region, a region of no reflow within the infarct was defined by the absence of tetracycline fluorescence and the fluorescence of a portion of the infarct zone demonstrated that reperfusion had occurred when the arterial ligature was released. The sections were then incubated in NBT for 20 min at 370 C and rephotographed as previously described. Each section was weighed.
To summarize, a pictorial representation is shown in figure 2. Normal myocardium did not take up tetracycline but stained violet with NBT and conversely infarcted myocardium was positive for tetracycline but did not stain with NBT; the area of no reflow was always contained within the infarct and was not marked by either tetracycline or NBT.
In a preliminary study comparing infarct size as measured by NBT and tetracycline in individual sections studied at 90 min and 24 hr after occlusion, we demonstrated that they were nearly identical, with r values of .94 and .93, respectively (figure 3).
To assess the effect of nifedipine, we used the tetracycline photographs because the boundaries were more clearly defined, but the NBT photographs were used as a reference.
Statistical analysis. None of the differences between the groups were significant. pattern in 15 of 16 hearts. In the one exception, a region of fluorescence was present on the posterolateral wall from 2 to 8 min after ligation, but this region was no longer fluorescent at 28 min after ligation. In five hearts we were able to quantify the epicardial fluorescent area on early (14 ± 1.6 min) and late (28 + 2.4 min) photographs of the same region of the heart in the same projection. The pattern and extent of fluorescence was highly stable over this time range. The fluorescent area measured on the early photographs correlated significantly with the area on the late photographs (average difference = 0.001 cm2; r .999, p < .001, n = 5). Protocol II (nifedipine vs saline control). The two groups were equivalent with respect to all baseline parameters, including weight, pentobarbital dose, and amount of saline administered for flushing catheters (table 1) .
Hemodynamics ( figure 5 ). Heart rate significantly decreased throughout the experiment, but there were no significant differences between the two groups at any time. Blood pressure also declined during the experiment. The only significant difference between the two groups was a lower mean arterial pressure in the rabbits in the control group immediately before they were killed (p < .05). The normal systolic blood pressure for the New Zealand white rabbit in an unanesthetized state is 85.6 ± 7.1 mm Hg (mean ± SD; n = 89).* Thus, the blood pressures were, for the most part, in the low normal range.
Region at risk, infarct size, and area of no reflow (figures 6 and 7). Region at risk and infarct size were statistically equivalent for the two groups ( figure 6 ). Infarct size (% total left ventricular weight) was 20. 
Discussion
Our results demonstrate that the size of the epicardial NADH fluorescent area, measured in the immediate postcoronary ligation period, accurately predicts the extent of myocardial infarction that subsequently occurs. This relationship allows the NADH fluorophotograph to serve as a prospective measure of region at risk. This method for assessing region at risk was adopted from the work of Barlow and Chance and their colleagues7 8. 13. 14 and is based on the increase in the NADH:NAD ratio that occurs during tissue hypoxia. In buffer-perfused hearts subjected to coronary ligation the presence of an increase in NADH fluorescence correlated with morphologic ischemic damage. [15] [16] [17] Our results extend this relationship to the blood-perfused heart in vivo.
The region at risk after coronary occlusion has been assessed by a variety of techniques, such as mapping of the ST segment,18 19 measurement of regional coronary blood flow with radioactive microspheres,20 21 postmortem infusion of dyes into the ligated or unoccluded coronary vascular bed," and stereoscopic anal- ysis of the anatomic distribution of the occluded vascular bed after postmortem injection of contrast material. 23 The NADH fluorophotographic technique has the advantages of being relatively simple and inexpensive and of not requiring radioactive materials or injection of any dyes.
However, use of the NADH fluorophotographic method for determination of region at risk also has some significant disadvantages. The heart must be exposed and the animal must be photographed in both decubitus positions to include all borders of the fluorescent region. Also, only superficial epicardial ischemia of the ventricular free wall is detected; neither the deeper myocardial layers nor the interventricular septum can be assessed by this technique. Nonetheless, as our results show, when the ischemic region is limited to the anterolateral wall, the epicardial NADH image is a reliable predictor of infarct size.
The NADH fluorophotography technique appears to define a "functional" rather than "anatomic" risk region, since the regression line in figure 4 passes close to the x and y origins. In contrast, when postmortem angiography was used to define an anatomic region at risk in the dog, it was found that a region of 0 to 20% of left ventricular mass did not result in an infarct; infarcts only occurred when the region at risk exceeded 20% of left ventricular mass.-On the other hand, when functional region at risk was defined by myocardial perfusion measurement, no minimal region at risk was demonstrated.24 In contrast to the dog, however, in the rabbit there is probably little difference between anatomic and functional risk regions. 25 Nifedipine had no beneficial effects in our experiments. Infarct size was not affected by the drug, nor was the area of no reflow within the infarct region. 
